Abstract
 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   3 
Introduction

34
Insects and other ectotherms that overwinter in temperate environments must overcome multiple 35 challenges including low temperatures, water deficit, and energetic drain (Williams et al., in 36 press). Because they are inactive and generally do not feed, the energy stores with which insects 37 enter dormancy must fuel the mechanisms that protect against cold and desiccation, as well as 38 provide for basal metabolism throughout the period when the insect is dormant -which may 39 include parts of autumn and spring, as well as winter (Fig. 1 ). In the case of insects that 40 metamorphose or develop prior to feeding in the spring, the energy stores remaining after winter 41 must also fuel that development. If the adult stage does not feed (or has restricted nutrition), 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5 Below the thermal optimum, there is usually a curvilinear relationship between enzyme-mediated 78 biological reactions and temperature (Schulte et al., 2011) . Thus, warmer temperatures yield 79 higher rates of activity, development, growth, and metabolism (Fig. 2) . During the winter, when 80 temperate insects generally are not actively growing, feeding, or developing, energy stores will 81 be consumed faster at higher temperatures. Consequently, winter energy use will be determined 82 by the mean temperature, the temperature variability, the length of winter, and the ability to 83 mitigate overwinter energy drain (Williams et al., in press ).
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Physiological mitigation of overwinter energy drain
122
Insects can reduce overwinter energy drain by altering their temperature-energy use relationship 123 through modified thermal sensitivity and/or suppressed metabolic rate, either of which reduces 124 the rate of energy consumption (Fig. 4) . Metabolic suppression can result from a temperature-125 independent decrease in metabolic rate (decreasing the elevation of the temperature-metabolic 126 rate relationship; Fig. 4B ), or through temperature-dependent threshold decreases in metabolism, 127 such as those observed upon freezing ( Fig. 2B ; Sinclair et al., 2004) .
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561
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